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The blood serum of some human beings is very toxic to several cell strains 
in tissue cultures  (1-3). Healthy people as well as those with various diseases 
may have toxic serum. The frequency of toxic serum is especially high among 
schizophrenic patients (2). When strain L  cells are exposed to such toxic serum, 
extensive cell destruction  occurs, particularly during the first 24 hours of in- 
cubation. In the following days, depending on the severity of cell destruction 
during the first 24 hours, the number of cells in the cultures may increase (4). 
On the basis of this phenomenon it seemed possible that from the surviving cells 
a  subline  of strain L  cells could be developed, which  would have resistance  a 
to toxic human serum. We felt that the development of such a  subline would 
be of both academic and practical interest. 
Experimental Procedures 
Cell Cultures  Used.--In the experiments described here the so-called "strain 
L" cells were used. These cells were derived from a cell strain developed in Dr, 
W. R. Earle's laboratory in the National Cancer Institute, Bethesda, in 1940, 
from cells taken from the  subcutaneous  and  adipose tissue of a  CsH mouse. 
Mter  treatment  with  3-methylcholanthrene  and  subsequent  cloning,  Earle 
designated  the  strain  "NCTC clone 929,  strain L."  (5-7).  A  culture  of  this 
clone was obtained by us from Dr. Earle in December, 1953. 
Culturing  procedures  may affect the  properties  of  cells,  and  therefore we 
wish to describe in some detail the conditions  under which the strain L  cells 
have been cultured in our laboratory from the time when they were received 
from Dr. Earle until the present experiments were begun. 
* This  work was supported by grants  from the  Department  of  National  Health  and 
Welfare, Canada, and the Leukemia Society, Inc., New York. 
*  By "resistance" we mean the term as defined by Bryson and Szybalski "... the tempo- 
rary or permanent capacity  of a cell and its progeny to remain viable or multiply under 
environmental conditions that would destroy or inhibit  other  cells" (14). 
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During the 1st year the cells were grown in this laboratory in the medium recommended 
by Earle  and associates; i.e., 40 per cent horse serum, 20 per cent chick embryo extract, 
and 40 per cent Earle's  balanced salt saline. In December, 1954, however, the embryonic 
extract  was reduced to 0.5 per cent of the medium and in June,  1955, it was completely 
eliminated because at that time it seemed that the addition  of embryonic extract  not only 
failed to promote, but even inhibited, cell growth. For i month the cells were grown in 30 per 
cent horse serum diluted with Hanks' balanced salt solution (BSS) (8). In July, 1955, the addi- 
tion of synthetic  medium 199 (9) was found to be beneficial to cell growth, and from February, 
1956, until August, 1956, the cells were grown in medium consisting of 30 per cent horse 
serum, 20 per cent synthetic medium 199, and 50 per cent BSS. In August, 1956, synthetic 
medium 199 was replaced by synthetic medium CMRL-1066.  ~ At present, the stock cultures 
of clone 929 cells are grown in our laboratory at 37°C. in 8 ounce Blake bottles. The medium 
is completely changed twice weekly and the cells are transplanted  every 8 to 10 days. As 
routine, 200 units of penicillin per ml. of medium are added to all cultures and the pH is 
adjusted  to  7.6  with  1.4  per  cent  sodium bicarbonate. 
This strain of cells in our laboratory is designated "LI," to distinguish it from 
"L~"  and "La"  which are also substrains of NCTC clone 929  (strain L)  but 
which have been obtained from Earle's laboratory on different dates. All three 
strain L  cell sublines have a  similar degree of sensitivity to toxic human sera, 
for  which  reason  these  sublines were  used  interchangeably in our  previous 
work. Actually, most of our studies on the effect of human sera on cell cultures 
were done with Ia cells (4).  Cell lines resistant to toxic human serum (which 
are described in this paper) were developed from L1 cells. In this paper, for the 
sake of simplicity, we shall speak only about "strain L" cells, meaning either 
L, or L~ cells. When it is of significance that one or the other cell strain was 
used, it will be referred to by its proper designation; i.e., Lt or L2 respectively. 
La cells have not been used in any of the experiments described in this paper. 
Evaluation of the Cultures.--A  detailed procedure for evaluation of the effect 
of the serum on the cultures has been described elsewhere (1). 
Briefly, strain L  cells were grown directly  on glass in Leighton  tubes,  a When cultures 
had grown to a suitable density the growth medium was removed and replaced by the serum 
to be tested,  diluted  1:1 with Hanks' balanced salt  solution or as otherwise noted.  Toxic 
serum produced cell degeneration or necrosis. The effect of the serum on the cultures was 
graded on the basis of the degree of these changes, from zero (0) to 4 plus (++++).  This 
type of grading can also be expressed in the following way: no cell destruction: 0; approx- 
imately 25 per cent of cells destroyed:  1 plus  (+); approximately 50 per cent of cells de- 
stroyed:  2 plus (++); approximately 75 per cent of cells destroyed: 3 plus (+++);  and 
approximately  100 per cent of cells destroyed: 4 plus  (++++). 
2 Synthetic medium CMRL-1066 is a modification of medium 858 (10). The modification 
is that from medium 858 the six highly purified coenzymes, ferric nitrate, and fat-soluble 
vitamins (A, D, E, and K) have been omitted, and that five B vitamins and Armour's liver 
(porcine) coenzyme have been  added.  The medium  CMRL-1066 was  obtained  from  the 
Connaught  Medical Research Laboratories,  University  of Toronto,  Canada. 
3 Leighton tubes are test tubes with one area of their wall flattened.  Cells are cultured 
on the flattened area. S.  FEDOROFF AND  B.  COOK  617 
~INDINGS 
Development  of Resistance  in Strain  L  Cells  by Continuous  Exposure  to  Toxic 
Human Serum 
We mentioned in the introduction that the most severe effect of toxic human 
serum on strain L  cells occurred during the first 24 hours of incubation. Mter 
this time the number of ceils increased if the initial cell damage was not too 
severe. In the previous experiments, the cultures were kept only for a period of 
3 days (4). It seemed, however, of interest to observe them for a period of time 
longer than 3 days, in order to see whether or not cultures kept under such con- 
ditions could eventually give rise to a  strain of cells resistant to toxic human 
serum. 
For this experiment, serum with a  toxicity of 2 plus (q-q-) was selected; i.e., a serum, 
which when added to strain L  cells in the dilution 1:1 with Hanks' balanced salt solution, 
killed approximately 50 per cent of the cells. A large sample of blood (S00 ml.) was obtained 
from a schizophrenic patient (OB). After the blood had clotted the serum was separated and 
kept in aliquots of 4 ml., at -20°C., until used.  As indicated in Text-fig.  1, the cells were 
grown for various periods of time alternately in medium consisting of 50 per cent toxic serum 
in BSS, and in medium consisting of 20 per cent toxic serum, 30 per cent synthetic medium 
1055, and 50 per  cent Hanks' BSS.  4 
Cells kept continuously in toxic human serum responded to it in the following way: 
During the first 24 hours of growth in TS-S0, approximately 50 per cent of the ceils 
were destroyed (Text-fig. 1). In the next few days the cultures improved. When the 
medium was changed and fresh TS-50 was added, cell destruction was again observed 
but to a lesser degree than after the first addition of toxic serum. After 11 days of cul- 
tivation the number of cells increased to such an extent that transplantation became 
necessary (Text-fig. 1). The cells were scraped off the glass, suspended in TS-S0, and 
a  portion of the suspension was planted into Leighton tubes. Only a  few cells sur- 
vived  this  transplantation.  To  increase  the  cell number,  TS-50  was  replaced by 
TS-20, and after a  further 7 days a  second transplantation was made using TS-50. 
Again only a  few cells survived (Text-fig. 1). To increase the cell population TS-50 
was replaced by TS-20. In the course of the next 34 days the cells had completely re- 
populated the tubes. During this time the medium (TS-20) was changed seven times. 
Following the third transplantation using TS-20, only a few cells were killed. There- 
after the cells grew so well that 10 clays later it was necessary to transplant them, even 
though in the meantime the medium had been changed to TS-S0 (Text-fig. 1). After 
this  transplantation  the  cell number  was  considerably reduced  and  therefore  the 
medium was changed to TS-20. However, this time the cell number increased rapidly 
and in 6 days the cultures regained a healthy appearance; i.e., no abnormal or dead 
cells were visible. Again TS-S0 was added to the cultures and the cells were grown in 
this medium for the duration of the experiment; i.e., for 88 more days, except for three 
brief periods in TS-20. During the 88 days the cells were transplanted six times. After 
4 From this point on the .50 per cent medium will be referred to as TS-50, and the 20 per 
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these transplantations and after renewal of medium, very little or no cell destruction 
was seen (Text-fig. 1). 
This  experiment  demonstrates  that  strain  L  cells  when  kept  continuously 
in toxic serum gradually  "adapt"  themselves  to it and eventually grow in it 
without detrimental  effect. This cell strain is designated in our laboratory as 
"strain LOB." 
In the course of this experiment it was noticed that the cells were more sensi- 
tive to toxic serum after transplantation than after merely changing the medium 
(Text-fig.  1).  During  a  change  of medium  the  cells  remain  attached  to  the 
glass, whereas  during transplantation  the cells are suspended in the medium, 
thus exposing a  larger surface of the ceils to the medium. This increase in ex- 
posure might explain the increased sensitivity of the cells to toxic serum dur- 
ing transplantation. 
Development of Resistance in Strain L Cells by Repeated Exposure to 
Toxic Human Serum 
In planning the next experiment, it was considered that  if strain L  cells con- 
stitute  a  genetically heterogeneous  cell population,  then by exposing cells  to 
toxic serum for only a short period of time,  and by alternating their exposure to 
toxic serum with exposure to a  growth medium,  selection  by the toxic serum 
would  be  increased  and  the  possibility  of phenotypic  adaptation  decreased. 
In other words, if toxic serum were added to a  heterogeneous cell population, 
the sensitive cells would be killed, and if growth medium without human serum 
were then added,  the total number of cells should increase,  and so should the 
percentage of resistant ceils. Theoretically, by repeating this procedure several 
times, it should be possible to obtain a pure culture of resistant ceils. 
Six Leighton tubes were planted  with Lt cells from one stock bottle.  From here on these 
cells will be referred to as LB cells. Serum which was toxic to a degree of 3 plus  (+++) 
was obtained  from one schizophrenic patient  (H. H.) in two large samples of blood  (2 X 
500 ml.) to suffice for the whole experiment. The medium TS-50 was added to the ceils and 
left in contact with the cells for only 24 hours, after which time the serum was removed and 
growth medium consisting of 2 parts horse serum,  3 parts synthetic medium  1066, and 5 
parts Hanks' BSS was added.  5 The cells were left in GM until they repopulated  the tubes 
and were then again treated for 24 hours with TS-50. This procedure  was  repeated  sixteen 
times during  161 days of cultivation. 
From Text-fig. 2 it can be seen that after seven treatments  the  strain  (LB) 
was no longer affected by the addition of toxic serum, except after the twelfth 
treatment,  when slight sensitivity was noticed. 
To learn whether artefacts played a  role in this experiment,  a  new cell line 
s This medium will be referred to hereafter  as GM. (It should be pointed out that during 
the whole experiment the horse serum used was obtained  from one single horse.) 620  EI~ECT  OF  HUMAN  BLOOD  SERUM  ON  TISSUE  CULTURES.  II 
was started from the Ls cells after the first three treatments.  The new cell line 
was designated "Lo" (Text-fig. 2). 
This cell line was not treated with toxic serum as often as L,, cells and there- 
fore when the I~ cells were already resistant to toxic serum, the Lc cells were 
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TP.xT-FIo. 2. Each circle indicates one single exposure of L1 ceils to toxic human serum 
for 24 hours. The blackened area inside the circles indicates the extent  to which the cells 
were destroyed by the toxic serum. Between exposures to toxic serum the cells were cultured 
in growth  medium  without  human serum.  When  the  circles, representing  the  exposures, 
are opposite each other,  two or all three cell lines had been exposed to toxic serum at the 
same time. 
still sensitive to it. Thus the same serum, at the same time, still killed approx- 
imately 50 per cent of the Lc cells,  but no longer killed LB cells  (Text-fig.  2) 
which indicated that L~ cells had actually become resistant, and that the serum 
itself had not lost its toxicity. The I~ cells required nine treatments with toxic 
serum before they also became resistant  to the toxic serum,  which is approx- 
imately the number of treatments  required  to convert L~ cells  into resistant 
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To test whether or not the cell resistance would be stable,  another cell line, 
designated "Ira," was started from LB ceils after they had had ten treatments 
with toxic serum and had become resistant to it (Text-fig. 2). 
The LE ceils were continuously maintained in GM (growth medium containing no human 
serum). In this medium substrain LE cells grow rapidly and usually require transplantation 
every 8  to  10 days,  during which time they multiply approximately ten times. From time 
to time a  few tubes of L~ cells were treated with toxic serum, the reaction of the cells to 
the serum was observed, and the ceils were then discarded  (Text-fig. 2). During 1 year of 
growth in GM, the Lz ceils were tested with toxic serum on many occasions, and each time 
the cells were not affected by it,  whereas the original L1 cells were  (Fig.  1 A to 1 D). 
Thus  it  was shown that  the resistant  cells  did not revert  to sensitive  cells 
when grown for 1 year in growth medium without human serum. It would there- 
TABLE  I 
Effect of Toxic Human Serum on Lt and LR cells 
Serum dilutions 
1/2.5 
1/5 
1/10 
1/2o 
1/4o 
1/80 
Lt ceUs 
++++ 
++++ 
++++ 
+++ 
o 
o 
Effect on 
LE cells 
++ 
o 
o 
o 
o 
o 
fore  seem  that  the  resistance  of these  cells  to  toxic  human  serum  is  trans- 
mitted from one cell generation to another; i.e., the resistance to toxic serum is 
heritable. 
Interaction between Toxic serum and Lt and Lx Cells 
From Text-fig.  2  and  Fig.  1 it  can be seen  that at  some concentrations  of 
toxic serum, La cells were killed but LE cells remained alive. In order to deter- 
mine whether the resistance which developed in I~ cells is absolute or whether 
the degree of sensitivity to toxic serum is merely decreased  as  compared with 
that of L~ cells, various concentrations of toxic serum were added to Lt and LE 
cells. 
The procedure was as follows: 80,000 ceils of Lx and LE were suspended in 1 ml. ailquots 
of various dilutions of toxic serum in BSS. The cell suspensions were transferred  to Leighton 
tubes and incubated at 37°C. Mter 24 hours of incubation the Leighton tubes were examined 
microscopically and the number of cells attached to the glass, as well as their  morphology, 
was noted and the effect of the serum on the ceils was graded from 0 to 4 plus (++++). 
Table I  shows that the resistance to toxic serum was not absolute; i.e., high r~ 
._1 
I. 
U 
(2- 
0 
t) 
u0 
0 
r,, 
U 
ry 
(1. 
u') 
_1 
.._l 
uJ 
U 
Z 
> 
_1 
LL 
0 
c,- 
I11 
ID 
:D 
Z 
250 
200 
150 
I00 
50 
0 
0.25 
I 
t  , 
t 
O. 5  1.0  2.0 
NUMBER  OF  CELLS USED FOR  ADSORPTION 
(in millions) 
TEXT-FIO. 3. Effect on L1 cells of toxic human serum treated with L1 and LE cells.  Solid 
circles represent the mean number of cells per microscopic field 24 hours after addition  of 
serum which had been in contact with LI cells.  Open circles represent the  mean number of 
cells per microscopic field 24 hours after addition of toxic human serum which had been in 
contact with Lv. ceils.  Vertical lines represent the range between the lowest and the highest 
number  of  cells  per  microscopic  field. 
TABLE  II 
Adsorption of Toxic Substances  from Human Serum by Sensitive (L1) and Resistant  (Lz) Strain 
L Cells 
NO. of cells used for adsorption 
0 
0.25 X  106 
0.50 X  10  ~ 
1.00  X  10  e 
2.00 X  10  e 
Effect of serum on strain L  cells after treatment of serum with 
Lx cells 
++++ 
++ 
0 
0 
0 
LE cells 
++++ 
++++ 
++++ 
++++ 
+++ 
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concentrations  of  toxic  serum  did affect  the I~  cells. However,  the  minimal 
concentration of toxic serum which affected L~ cells was very much higher than 
that which affected L1 cells. 
The property of strain L  cells to adsorb toxic substances from the serum has 
been  described previously  (4).  It  seemed  of interest  to  find out  whether  LR 
cells would retain the property of adsorbing toxic substances from serum,  or 
whether they would lose this property together with the decrease in sensitivity 
to toxic human serum. 
The adsorption experiments were perfomed in the following way: L1 and L~. cells  were 
scraped from the walls of Blake bottles. The cells, suspended  in GM, were centrifuged at 
800 R.~.~., the supernatant was discarded, and the cells were washed in BSS. After centrif- 
ugafion  the cells were  resuspended  in BSS  and their number per milliliter of  suspension 
was determined by cell counts in a hemocytometer. Different numbers of ceils were put into 
four test tubes (Text-fig. 3). BSS was added to each tube to make up the volume to 1.6 mi. 
To each tube 0.4 mi. of toxic human  serum was added. The fifth tube, the control tube, 
contained 1.6 ml. of BSS and 0.4 mi. of serum, but no cells of either cell strain. All five tubes 
were shaken overnight at low speed  on an automatic shaker at 4°C. The tubes were  then 
centrifuged.  The supernatant fluid from each tube was transferred to two Leighton tubes 
into which 100,000 strain L cells in synthetic medium 1066 had been planted a day before. 
The ten Leighton tubes were incubated at 37°C. for 24 hours and then examined microscopi- 
cally. Attention was paid to the number of living cells in the cultures and to their appearance; 
i.e., whether the cells were spindle-shaped,  rounded up, granular, or translucent. The effect 
on the cells was graded from zero (0) to 4 plus (++-I--b). When morphological evaluation 
was completed, a reticle with 0.5 mm. squares was set into the eye-piece of the microscope 
and  the  cells in four microscopic  fields were  counted. 
The results of this experiment are shown in Table II and Text-fig. 3. As the 
number  of L1  cells used  for  adsorption  increased,  the  toxicity of  the  serum 
decreased. 
The L~ cells differed greatly from L1 cells in their ability to adsorb toxic sub- 
stances from the serum (Table II and Text-fig. 3). Only at the highest concen- 
tration (2 X  108),  were the LE cells able to remove some toxic substances from 
the  serum.  The  amount  of toxic substances  adsorbed by the highest  concen- 
tration of LE cells (2  X  108)  was approximately the amount  removed by the 
lowest concentration  (0.25  X  108) of L1 cells. LI cells therefore adsorbed ap- 
proximately eight  times  as  much  toxic  substance  from  the  sera  as  La  cells. 
During the subsequent 3  days of culturing, the number of cells in cultures con- 
taining  serum  which  had  been  treated  with  L1  cells  doubled,  except  in  the 
cultures which contained serum which had been treated with  the lowest con- 
centration (0.25  X  108) of L1 cells. In these the number of cells per microscopic 
field remained unchanged. There was no significant increase in the cell number 
per microscopic field in cultures containing serum which had been treated with 
I.~ cells, except in the cultures in which the serum was treated with the highest 
concentration  (2  X  108)  of I~  ceils. In these cultures the number  of cells ap- 
proximately doubled during the 3 days of incubation. 624  E~FECT  OF  HUMAN  BLOOD  SERUM  ON  TISSUE  CULTURES.  H 
It should be mentioned  that  the experiment has been performed six times, 
with modification, after the first time,  of the conditions under  which  the ad- 
sorption was performed,  or a  change in  the proportions between  the amount 
of serum and the amount of cells; and in each case L1 cells had a  much higher 
ability to adsorb toxic substances than I~ cells. 
From this experiment it can be concluded that together with the decrease in 
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Tr~xT-FIo. 4. Effect on L1 cells of toxic serum treated with homogenized L1 and LB cells. 
Solid circles represent the mean number of cells per microscopic field 24 hours after addition 
of serum  which had been in contact with homogenized L1 cells. Open circles represent  the 
mean number of cells per microscopic field 24 hours after addition of serum which had been 
in contact with homogenized  L~. cells. The vertical lines represent the range between the 
lowest  and  the highest number of cells counted per microscopic  field. S.  ~'EDOROF~' AND B.  COOK  625 
sensitivity of Lr cells to toxic human serum, there is also a decrease in the prop- 
erty of I~  cells to adsorb toxic substances from  the sera.  This suggests  that 
La cells may have loci where the toxic substances from the sera can be bound, 
whereas in L~ cells the number of these loci is decreased or they are masked in 
some way. 
To throw some light on this problem another series of experiments was per- 
formed. 
L1 and L~ ceils were  scraped from Blake bottles, centrifuged,  washed,  suspended,  and 
counted in exactly the same way as in the preceding experiment.  Mter this the cell suspen- 
sions  were  transferred to a  tissue grinder,  frozen  in a  dry ice-acetone mixture, and then 
allowed  to  thaw  slowly  during continuous  grinding with  the pestle. This procedure  was 
TABLE III 
Adsorption  of Toxic Substances from Human Serum  by Homogenized Sensitive (LI) and 
Homogenized Resistant  (LB) Strain L Calls 
No. of homogenized  ceils  used 
for adsorption 
0 
0.25 X  106 
0.50 X  106 
1.00 X  106 
2.00 X  106 
Effect of serum on strain L cells after treatment of serum 
with homogenized 
L1 cells 
++++ 
0 
0 
0 
0 
LE ceils 
++++ 
++++ 
++++ 
++++ 
+++ 
repeated five times. The cell homogenate  from  each cell strain was  then transferred  into 
test tubes. The amount  of homogenate  introduced into each tube corresponded  with  the 
number of intact cells used in the previous experiment.  To each tube BSS and toxic serum 
were added so that each tube contained 1.6 ml. of BSS and 0.4 nil. of toxic serum.  The con- 
trol contained 1.6 ml. of BSS and 0.4 ml. of toxic serum, but no cell homogenate.  From then 
on the adsorption at 4°C., centrifugation,  addition of treated serum to strain L cell cultures 
in Leighton tubes, and evaluation of the effect on the strain L ceils were performed exactly 
as described  in the previous experiment. 
The results of the present experiment are shown in Text-fig. 4 and Table III. 
Again there was a  difference between the effect on strain L  cells of toxic serum 
treated with homogenized L1 cells and of toxic serum treated with homogenized 
LE cells. The effectiveness of the Ls homogenate as an adsorbent for toxic sub- 
stances in the serum appeared to be of the same order as that of whole living 
cells. The homogenate of I~ cells was even less effective than the intact, living 
LE cells. 
During  the  subsequent  3  days  of  incubation  in  cultures  containing  sera 
treated with homogenized L~ ceils, the cells increased approximately one and 
a  half times.  (The cells doubled their number during this time when sera had 626  EFFECT  OF  HUMAN  BLOOD  SERUM  ON  TISSUE  CULTURES.  H 
been treated with whole cells.)  In cultures containing sera which had been in 
contact with I~ cells, no increase in cell number was observed during the sub- 
sequent 3 days of incubation. 
This experiment was performed four times, varying the procedure of homog- 
enization, the conditions during adsorption, and the proportions of homogenate 
to serum, and the results of all these experiments were similar. 
The results of this series  of experiments indicate that the number of loci in 
LE cells  where toxic substances may be bound is markedly reduced, as com- 
pared with their number in L1 cells. 
TABLE IV 
Mean  Values  and Standard  Deviations  of Chromosome Types in Strain L  Cell 
Sublines Sensitive  and Resistant to Toxic Human Serum* 
Strain 
El 
LOB 
LB 
LC 
LE 
Total  chromo- 
some No. 
67.96  4-  1.93 
68.14  4- 3.00 
67.48  4- 2.91 
71.66  4-  1.85 
71.80  4-  1.44 
No. of 
metacentrics 
14.68  4-  1.30 
14.18  4-  1.66 
21.,52 4-  2.71 
13.68  4-  1.18 
14.56  4-  1.35 
No. of 
subtelocentrics 
1,42  .4.  0.73 
3.28  4- 0.78 
2.06 4-  0.55 
3.58  4- 0.61 
2.68  -4- 0.73 
No. of dicentric 
chromosomes 
0.00 
0.14  ..4- 0.35 
0.06  4- 0.24 
0.00 
0.00 
! 
No. of minute  !  Remarks 
chromosomes 
t 
0.38  -4- 0.49  Sensitive  to 
toxic  serum 
0.86 -4-  0.70  Resistant  to 
toxic serum 
0.60  4- 0.76  "  " 
1.10  -4- 0.63  ,,c  , 
0.68  4- 0.56  "  " 
* Data supplied by Dr. T. C. Hsu, The University  of Texas M. D. Anderson Hospital and Tumor Institute, 
Houston, Texas. 
Morphological Differences between L1 and LB Cells 
During the year of their existence Im cells have shown morphological uni- 
formity. They are  generally seen  in  the  cultures  as  regular  spindle-shaped 
cells, quite refractive in the light microscope. No giant cells are observed. The 
cells  grow rapidly and require  transplantation approximately every 8  to  10 
days. Im cells adhere very firmly to glass and for that reason it is difficult to 
scrape them off at the time of transplantation. In contrast, their mother cells, 
L1  cells,  always have  shown variations  in  their  morphology, appearing  flat 
with rather irregular or multipolar shapes. Some giant cells are always present 
among them. They also grow rapidly and require transplantation approximately 
every 10 days. These cells do not adhere to glass as firmly as I~ ceils, and for 
that reason can be easily washed off during transplantation. It should be men- 
tioned that in cultures of Lt cells, some cells which resemble LE cells in their 
appearance can usually be seen (Figs. 1 A and 1 B). 
The Chromosomal Composition of L1 Cells, and of the Sublines  Which Developed 
Resistance to Toxic Human Serum 
Dr.  Hsu of the M.  D.  Anderson Hospital,  Houston, kindly examined the 
chromosomal composition of our cells.  The analysis of our strains and those S. IeEDOROFF AND  B, COOK  627 
from other  laboratories has been published by him elsewhere  (11).  Dr.  Hsu 
has permitted us to use his data in this publication. In Table IV, the analysis 
of the chromosomes of LI cells and LOB cells is shown. LOB cells were derived 
from L1 cells through  continuous  treatment with toxic serum for a  period of 
161 days (Text-fig. 1).  The LoB cells differ from L1 cells in (a) the increase in 
the number of subtelocentric chromosomes, (b)  the  appearance in some cells 
of the dicentric chromosome, (c) the increase in the number of minute chromo- 
somes, and (d) the marked decrease in the percentage of polyploid cells. 
Table IV also shows the  chromosomal analysis of L1 cells,  and of Lm Lc, 
and LE cells which were derived from L1 by repeated exposure to toxic human 
serum  (see Text-fig. 2).  In these lines a  change was observed similar to that 
TABLE  V 
Effect of Human Sera on Lx and LB Calls 
Serum  No. 
Lt cells 
++ 
++++ 
0 
++++ 
+++ 
+++ 
Effect on 
LE cells 
0 
++++ 
0 
++++ 
+++ 
0 
observed in the line derived by continuous treatment with toxic serum: there 
was an increase in the number of subtelocentric chromosomes and in the number 
of minute  chromosomes,  and  a  reduction  in  the  number  of  polyploid  cells. 
The dicentric chromosome seldom appeared in LB cells and was not observed 
in I~ cells. 
Effect of Various Human Sera on Lx and Ls Cells 
L~ cells were obtained by the repeated exposure of L1 cells to toxic human 
serum  (Text-fig. 2).  Serum obtained from one patient  at  two different  times 
was used throughout  the whole experiment.  If one assumes that the toxicity 
of human sera is due to more than one complex of toxic substances, then sera 
should occur which would kill the strain LE cells as well a.s L1 cells. 
To investigate this point a  number of sera from various sources were used 
and tested simultaneously on L1 and Im cells. The results of some of these tests 
are shown in Table V. It can be seen from Table V that, indeed, there are sera 
which react differently with L1 and Im cell lines and others which affect both 
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DISCUSSION 
The occurrence of drug  resistance in  microorganisms  is  well  known  (12). 
In recent years a  similar phenomenon has also been observed in tumor cells, 
in the course of chemotherapeutic studies (13). Various underlying mechanisms 
for the production of drug resistance in microorganisms have been suggested 
(14).  Many  observations  made  on  microorganisms  are  applicable  to  tumor 
cell populations as well as to cell populations grown in tissue cultures. In gen- 
eral, resistance in the cells may develop due to change in genotype, or due to 
phenotypic adaptation in which the genotype of the cells does not change. It 
is not always easy to discover which of these principal mechanisms is respon- 
sible for the production of resistance in a particular case. 
It  is  difficult to  establish  whether  the  development of resistance  to  toxic 
human serum described in this paper is due to selection of a resistant genotype 
or phenotypic adaptation. NCTC clone 929 (strain L) was originally derived 
from one single cell (6), but it now consists of cells with many genotypes (11, 
15).  By allowing cells to grow in growth medium (without human serum) and 
by treating  them periodically with  toxic serum,  the  selection of a  resistant 
genotype would predominate over phenotypic adaptation, unless one assumes 
that the period of 24 hours (during which the cells were exposed to toxic serum) 
is long enough to induce phenotypic adaptation. If so, then one would also have 
to assume that since seven to nine treatments with toxic serum were necessary 
before resistant cells were produced, it was a step-like process; i.e.,  each treat- 
ment with toxic serum had an additive effect. 
If the selection of a resistant genotype were the underlying process, then after 
each repeated treatment with toxic serum a change in the proportion of sensi- 
tive cells and their resistant  cell variants  would  occur, until  finally the  re- 
sistant cells become the predominant cell type in the culture. The same mecha- 
nism  could also  have  taken place in  cultures  exposed continuously to  toxic 
serum, in which case the sensitive cells would be killed or their multiplication 
inhibited, whereas this did not occur with the resistant cell variants. 
The fact that the chromosome composition of the resistant cell lines differed 
from that of the sensitive strains from which they were derived, and that the 
resistance has  been passed  on  through  numerous  cell generations,  is  also  in 
favor of the view that the development of a cell strain with resistance to toxic 
serum is due to the selection of a resistant genotype. 
The main difference in chromosomes between the sensitive and the resistant 
cell lines is that the subtelocentric and  minute chromosomes are increased in 
the latter. There is also a decrease in the number of polyploid cells  in the re- 
sistant  cell lines. In our laboratory we have two more sublines from NCTC 
clone 929 (L~ and L3) which were obtained from Dr. Earle's laboratory on dates S.  FEDOROFF  AND  B.  COOK  629 
different from those of the L1 subline. These two cell sublines have numbers of 
subtelocentric  chromosomes  and  of  polyploid  cells  comparable  with  the  re- 
sistant cell lines (11) but are as sensitive to toxic serum as L1 ceils.  However, 
all resistant cell lines have greater numbers of cells with minute chromosomes 
than the sensitive cell lines.  Dr. Hsu has studied  the chromosome complexes 
of clone 929  (strain L) from various laboratories and the only cell line which 
had a  frequency of minute chromosomes comparable to that found in our re- 
sistant cell lines, is a  cell line in Dr. Merchant's laboratory in  Michigan (1I). 
However, it is not known whether Dr. Merchant's cell line is sensitive or re- 
sistant to toxic human serum. It should also be mentioned that the change in 
the cell chromosomes responsible for cell resistance to toxic human serum may 
not necessarily be accompanied by visible rearrangements of the chromosome 
complex. 
It has previously been  established  that  toxic human  serum becomes non- 
toxic when treated with strain L  cells. The mechanism of detoxication appears 
to be adsorption rather than inactivation of the toxic substances  by the cells 
(4). The results described in the present paper indicate that there is a relation- 
ship  between  the  sensitivity  of the  cells  to  toxic serum  and  their  ability  to 
adsorb toxic substances from the serum. L1 cells  are sensitive to toxic human 
serum and are able to adsorb toxic substances  (Tables I  and II),  whereas Im 
cells have much less sensitivity to toxic serum and less ability to adsorb toxic 
substances (Tables I and II). These experimental data fit the concept that there 
are loci in the cells where toxic substances can be bound. Due to this binding, 
at certain temperatures, the cells become damaged or killed (4). 
Three observations favor the assumption that the number of loci where toxic 
substances can be bound are decreased in the resistant cells, rather than absent 
or masked in these cells. These observations are: (a) When the number of re- 
sistant cells was kept constant and the concentration  of the serum was varied, 
it  was found that  high  concentrations  had some effect on the  resistant  cells 
(Table I).  (b)  When  a  large number of resistant  cells was shaken with  toxic 
sera, some toxic substances from the sera were adsorbed (Table II and Text- 
fig. 3).  (c)  The homogenate of resistant  cells was not  a  better adsorbent  for 
toxic substances than the intact cells (Table III and Text-fig. 4). 
It is interesting  that  cells which  possess a  resistance  to a  particular  toxic 
serum can also resist the toxic effects of some other toxic sera, but not of all. 
Probably the toxic sera to which the cells show resistance contain substances 
which are the same as, or similar to, those in the serum used to develop the 
resistant cell line. The toxicity of sera which still have toxic effects on a resistant 
cell line is probably due to substances other than those in the serum used to 
develop the line. Thus resistant  cells could be used to group sera having the 
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S~RY 
When NCTC  clone  929 (strain  L) cells  were grown either  continuously or 
at  intervals  in  toxic  human serum, they  became resistant  to  the toxic  substance 
or substances. 
The  resistance  developed  to  toxic  human  serum  was  passed  from  one  cell 
generation  to another; i.e., it was heritable. 
The  resistance  to  toxic human  serum,  developed  in  strain  L  cells,  was  as- 
sociated  with  a  decrease  in  their  ability  to adsorb  toxic substances  from  the 
serum.  This suggests  that  there is a  decrease  in the  number of loci in the  re- 
sistant cells where toxic substances can be bound. 
The  resistant  cells  differed  from  the  sensitive  cells  in  their  morphological 
appearance,  the increased frequency of minute chromosomes, and the increased 
adhesion to glass surfaces. 
The  cells which  developed  a  resistance  to a  particular  toxic serum also re- 
sisted the toxic effects of some other sera, hut not of all. 
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EXPLANATION OF PLATE 69 
FIG. 1 A to 1 D. Effect of toxic human serum on L~ and LE cells. A, L~ cells before 
addition of toxic human serum. B, LE cells before addition of toxic human serum. C, 
LI cells, 24 hours after addition of toxic human serum. D, L~ cells, 24 hours after addi- 
tion of toxic human serum. Bright-field photographs of living cells.  X 400. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  109  PLATE  69 
FIG.  1 
(Fedoroff and Cook: Effect of human blood serum on tissue cultures. II) 